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We report on the growth of stoichiometric Sr2IrO4 single crystals, which allow us to unveil their
intrinsic magnetic properties. The effect of different growth conditions has been investigated for
crystals grown by the flux method. We find that the magnetic response depends very sensitively on
the details of the growth conditions. We assess the defect concentration based on magnetization,
X-ray diffraction, Raman scattering, and optical conductivity measurements. We find that samples
with a low concentration of electronically active defects show much reduced in-gap spectral weight
in the optical conductivity and a pronounced two-magnon peak in the Raman scattering spectrum.
A prolonged exposure at high temperature during the growth leads to higher defect concentration
likely due to creation of oxygen vacancies. We further demonstrate a systematic intergrowth of
Sr2IrO4 and Sr3Ir2O7 phases by varying the growth temperature. Our results thus emphasize that
revealing the intrinsic magnetic properties of Sr2IrO4 and related materials requires a scrupulous
control of the crystal growth process.
PACS numbers:
I. INTRODUCTION
The interest in iridates grows fueled by the prospect
of discovering novel electronic and/or topological orders
that emerge from the interplay of spin-orbit coupling and
electron correlations. Sr2IrO4 is an archetypal example
of such new phases, exhibiting a Mott gap and a distinct
spin-orbital entangled magnetic structure1,2. Although
Sr2IrO4 has been studied since the early 90’s in connec-
tion to high temperature superconducting cuprates3,4,
the important role of spin-orbit coupling had not been
appreciated then. From recent studies of electronic and
magnetic excitation spectra, it is now well understood
that the insulating nature of Sr2IrO4 is due to strong
spin-orbit coupling1, suppression of which results in a
metallic phase in Sr2RhO4
5, a 4d counterpart of Sr2IrO4.
The magnetic structure and dynamics of Sr2IrO4 are
now reasonably well understood within the theoretical
framework in the strong spin-orbit coupling limit de-
scribed in terms of the j-1/2 Kramers doublet. Remark-
ably, the j-1/2 isospins allow rich expressions of magnetic
coupling depending on the lattice and bonding geometry,
ranging from isotropic Heisenberg interaction to a bond-
directional, Ising-like interaction6. The latter provides a
basis for implementing exotic quantum magnets inspired
by the Kitaev model7. The former surprisingly indi-
cates that a system with very strong spin-orbit coupling
can mimic a system without it. Experimentally, it has
been confirmed that the canted antiferromagnetic struc-
ture of Sr2IrO4 derives from a predominantly isotropic
nearest-neighbor magnetic exchange coupling8–10. Thus,
Sr2IrO4 becomes the first non-cuprate material to realize
a (iso)spin-1/2 Heisenberg antiferromagnet in a quasi-
two-dimensional square lattice—a possible platform for
high temperature superconductivity11–15.
Most recently, tantalizing indications of d-wave
superconductivity have been seen in electron-doped
Sr2IrO4
16,17: a gap of predominantly d-wave symmetry is
observed in the low-temperature angle-resolved photoe-
mission spectra16, and a particle-hole symmetric density
of states is observed in scanning tunneling spectra below
a temperature as high as 50 K17. Above this tempera-
ture, the d-wave gap evolves into a pseudogap, in striking
parallel with the cuprates12,16. However, because of the
inherently surface sensitive nature of the technique used
to dope the sample in these studies, involving in situ de-
position of alkali metal atoms on the surface of undoped
Sr2IrO4, it remains unclear at this point whether the d-
wave gap originates from superconductivity without ev-
idence from bulk measurements. At least, these results
indicate that highly nontrivial electronic phases emerge
from doping a “spin-orbit” Mott insulator.
The more traditional method of chemical doping18–20
through , for example, substitution of Sr by La, has
proven much more difficult than in cuprates. La-doped
Sr2IrO4 single crystals have only become available in
the last couple of years21–23, but angle-resolved photoe-
mission studies on them21,22 do not fully reproduce the
observations made via the in situ doping method12,16.
While it is unclear at the moment what leads to such dif-
ferences between the two doping methods, we note that
a well-defined quasiparticle peak is absent for any doping
level in La-doped samples, indicating suppressed coher-
ent motion of doped electrons presumably due to disorder
created by chemical doping.
Moreover, we note that previous studies on the
parent Sr2IrO4 and its sister compounds have shown
significant variations in the magnetic properties
even without doping, likely reflecting different defect
concentrations2,4,18,22–29. For example, the sizable c-axis
component of the uniform magnetic susceptibility is not
understood and seems incompatible with the known
magnetic structure of Sr2IrO4. In addition, the dia-
magnetism initially reported for Sr3Ir2O7 is completely
unexplained and is absent in samples grown under
different conditions27–29. Therefore, we believe it is
imperative to establish the intrinsic magnetic properties
through growth of stoichiometric single crystals of the
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2parent iridates before the doping-induced phenomena
can be fully explored.
In this paper, we describe the synthesis and character-
ization of Sr2IrO4 single crystals. Synthesis of stoichio-
metric single crystals was achieved using the flux method,
and characterizations were performed using magnetiza-
tion, x-ray diffraction, Raman scattering, and optical
conductivity measurements. We find that the magnetic
response depends very sensitively on subtle details of
the growth condition. Through energy dispersive x-ray
spectroscopy (EDX), optical spectroscopy, and Raman
scattering, we infer that oxygen vacancies are the likely
culprit of the divergent properties reported for Sr2IrO4.
Furthermore, by systematic variation of the growth tem-
perature, we are able to introduce, in a controlled way,
layers of Sr3Ir2O7 into the bulk Sr2IrO4 single crystals.
Our results thus emphasize that revealing the intrinsic
magnetic properties of Sr2IrO4 and related materials re-
quires careful attention the oxygen stoichiometry.
II. EXPERIMENTAL DETAILS
Single crystals were grown using the flux method. Pow-
ders of IrO2, SrCO3, and SrCl2·6H2O were thoroughly
mixed and placed in a platinum crucible covered with
a lid. The crucibles were heated in a programmable
box furnace in air then cooled to room temperature and
removed from the furnace. The details of the growth
conditions are documented in table I-III. After cooling,
crystals were separated from the residual flux by rins-
ing out with distilled water. The crystals were found to
have a regular shape with a large flat shiny surface with
lengths up to few mm. The characterizations of crystals
were performed using powder x-ray diffraction (XRD) in
Debye-Scherrer geometry with Ag-Kα1 radiation, single
crystal XRD in a high-resolution four-circle diffractome-
ter with Cu-Kα1 radiation, as well as energy dispersive
x-ray spectroscopy (EDX) equipped with a scanning elec-
tron microscope. The magnetization measurements were
carried out using a commercial superconducting quantum
interference device magnetometer (MPMS SQUID VSM,
Quantum Design). The low temperature Raman scat-
tering experiments were performed in the backscattering
geometry using a JobinYvon LabRam HR800 spectrom-
eter and the 632.8 nm excitation line of a HeNe laser
was used. The power of the laser beam was 1.5 mW and
the diameter of the beam ∼ 10µm. The samples were
cooled down in a He-flow cryostat. To describe the scat-
tering geometries, we use the Porto notation A(BC)A′,
where A(B) and A′(C) stand for the propagation (po-
larization) directions of the incident and scattered light
relative to the crystalline axes. All of the data presented
in this paper were taken with the light propagation di-
rection along the crystalline c-axis; hence only the po-
larization orientations will be specified. Crystals were
cleaved ex-situ to obtain a fresh clean surface. The far
infrared (FIR) ellipsometric measurements were carried
out on a home-built ellipsometer attached to a Bruker
66v/S FT-IR spectrometer located at the IR1 beamline
of the ANKA synchrotron at KIT, Germany. The exper-
iments were performed on the same samples as used for
the Raman spectroscopy studies. The complex optical
conductivity σ(ω) = σ1(ω) + iσ2(ω) is obtained from the
ellipsometric angles Ψ(ω) and ∆(ω) by direct inversion
of the Fresnel formulae.
III. RESULT AND DISCUSSION
We start by looking at the magnetic properties of four
Sr2IrO4 single crystals (labelled Sr214#1 through #4)
grown from the same molar ratio of starting materials
under varying heating sequences as described in table
I. The biggest difference in the growth condition is be-
tween Sr214#1 and Sr214#4. While both start from
heating the starting materials up to 1300 ◦C, Sr214#4
is exposed to elevated temperatures for a longer time.
The growth sequence of Sr214#2 and Sr214#3 are mod-
ifications of Sr214#1 and Sr214#4, respectively. Note
that our growth is performed in much lower tempera-
ture ranges than used in most of the earlier works23,28,30.
In Fig. 1(a), we plot the temperature dependence of the
magnetization M(T ) of each crystal measured in a mag-
netic field of 5 kOe applied perpendicular to the crys-
tallographic c-axis (H ‖ ab), well above the metamag-
netic transition that occurs at HC ≈ 2 kOe (see inset of
Fig. 1(a)). Above this field, canted moments that result
from rotation of oxygen octahedra stack ferromagneti-
cally along the c-direction, and the uniform susceptibil-
ity looks similar to that of a ferromagnet. Comparison
of different curves shows that the highest saturated mag-
netic moment is achieved for Sr214#1 (M = 0.98 emu/g
and 0.08 µB/Ir at T = 5 K, H = 5 kOe). Other batches
show significantly lower values ranging between 0.82 and
0.92 emu/g. Further, a ‘two-step’ structure in the M(T )
curve is noticed for Sr214#3, and a slight decrease in the
magnetization is observed at low temperature below ∼30
K for Sr214#4. In the inset of Fig. 1(a), we plot the
isothermal magnetization M(H) curve of all samples. In
Sr214#1 the metamagnetic transition is much sharper
compared to the other three crystals.
These differences in the M(T ) curves (Fig. 1(a)) are
more prominent in measurements performed in applied
field below the metamagnetic critical field at H = 1 kOe,
shown in Fig. 1(b). Whereas Sr214#1 with the highest
saturated moment shows a sharp peak at T = 215 K,
Sr214#4 shows a broad hump peaked at a much lower
temperature T = 175 K. Two anomalies are found in
Sr214#2 and Sr214#3, suggesting coexistence of the two
features seen in Sr214#1 and Sr214#4. It is noteworthy
that previously published results share more resemblance
to the broad profile of Sr214#4 rather than the sharp pro-
file of Sr214#118,25. Sr214#4 shows another anomaly in
the low temperature region (inset of Fig. 1(b)) similar
to earlier data, based on which a transition to a differ-
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FIG. 1: (Color online) Temperature dependent magnetiza-
tion, M(T ), of Sr2IrO4 single crystals measured on warming
after field-cooling (FCW mode) with an applied field of (a) H
= 5 kOe and (b) H = 1 kOe perpendicular to the crystallo-
graphic c-axis (H ‖ ab). The inset of (a) displays isothermal
magnetization M(H) of Sr2IrO4 single crystals at T = 5 K
(H ‖ ab) and the inset of (b) shows expended plot of M(T )
at low temperatures for Sr214#4.
ent magnetic structure, possibly a non-coplanar structure
that has a c-axis component, has been suggested18,25.
However, these anomalies are clearly absent in Sr214#1.
Furthermore, we observe almost zero c-axis magnetic sus-
ceptibility (Fig. 2), in sharp contrast to earlier studies
that report a sizable c-axis response18,24,25.
Our measurements highlight the strong dependence of
the magnetic properties of Sr2IrO4 to subtle differences
in the growth condition. As we shall see later on, we
judge based on optical conductivity and Raman scatter-
ing spectra that Sr214#1 has the lowest defect concen-
tration among all crystals we have grown. Therefore,
we believe that the magnetic behavior reported above
for Sr214#1 is representative of the clean, ideal phase of
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FIG. 2: (Color online) Temperature dependence of magne-
tization M(T ) of a Sr2IrO4 single crystal (Sr214#1) in zero
field cooled (ZFC) and field cooled warming (FCW) modes
at H = 5 kOe with H ‖ ab and H ‖ c, respectively. Inset:
Isothermal magnetization M(H) at T = 5 K with H ‖ ab and
H ‖ c, respectively.
Sr2IrO4.
Given that samples that were exposed to high tem-
perature for longer time have lower sample quality, we
further investigated the effect of prolonged exposure at
1300◦ C (Sr214−δ#1, see table II). This sample showed
significantly reduced magnetic ordering temperature, and
a down turn in the M(T ) curve below ∼50 K. Most of
the earlier data on Sr2IrO4 show such down turn in the
M(T ) curve18,25. Our EDX measurements indicate that
Sr214−δ#1 is deficient in oxygen (see table I). Although
EDX is not very sensitive to oxygen, the difference in
the oxygen content from Sr214#1 is statistically signifi-
cant. A similar magnetic behavior is observed in a sample
(Sr214−δ#2) grown using the same heating sequence as
in Sr214#1 but with 10% less molar ratio of SrCO3. This
further indicates that the different magnetic behavior is
due to a non-stoichiometry in the sample, also supported
by the EDX measurement of Sr214−δ#2 showing a fur-
ther deviation from the ideal stoichiometry (table II). In
Fig. 3 (a), we plot the M(T ) curves measured on zero
field cooling (ZFC) and on field cooled warming (FCW)
modes at H = 5 kOe. Both Sr214−δ#1 and Sr214−δ#2
show substantial decrease in the magnetic moment and
the transition temperatures (TN ). Further, Sr214−δ#2
shows glassy behavior at low temperature. In Fig. 3 (b),
we plot the inverse of the ZFC data to highlight the
change in transition temperature from T ≈ 240 K to T
≈ 200 K. For Sr214−δ#1 and Sr214−δ#2, M(H) curves
show hysteresis, which is absent in Sr214#1 (Fig. 3 (c)).
We now look for structural distortions associated with
the oxygen vacancies. Single crystal XRD experiments
on Sr214#1 and Sr214−δ#2 reveal an increase in the
mosaicity of the non-stoichiometric sample as seen in the
width of the rocking curve through the (0,0,4) Bragg re-
40 5 0 1 0 0 1 5 0 2 0 0 2 5 0 3 0 00 . 0
0 . 1
0 . 2
0 . 3
0 . 4
0 . 5
0 . 6
0 . 7
0 . 8
0 . 9
1 . 0
1 6 0 1 8 0 2 0 0 2 2 0 2 4 0 2 6 0 2 8 0 3 0 0
0
2 0
4 0
6 0
8 0
1 0 0
1 2 0
1 4 0
1 6 0
1 8 0
2 0 0
2 2 0
- 5 - 4 - 3 - 2 - 1 0 1 2 3 4 5- 1 . 0
- 0 . 8
- 0 . 6
- 0 . 4
- 0 . 2
0 . 0
0 . 2
0 . 4
0 . 6
0 . 8
1 . 0
- 1 5 - 1 0 - 5 0 5 1 0 1 5- 0 . 6
- 0 . 4
- 0 . 2
0 . 0
0 . 2
0 . 4
0 . 6
 
 
 
 
( c )
( b )
( a )
 
 
 
 
 S r 2 1 4 # 1 S r 2 1 4 -  # 1 S r 2 1 4 -  # 2
F C W
H  =  5  k O eH  / /  a bZ F C ,  F C W
Z F C
M (
em
u/g
)
T e m p e r a t u r e  ( K )
 
 
 
 
 S r 2 1 4 # 1 S r 2 1 4 -  # 1 S r 2 1 4 -  # 2
1/M
 (g/
em
u)
T e m p e r a t u r e  ( K )
H  =  5  k O eH  / /  a bZ F C
 
 
 S r 2 1 4 # 1 S r 2 1 4 -  # 1 S r 2 1 4 -  # 2
T  =  5  KH  / /  a b
M (
em
u/g
)
M a g n e t i c  F i e l d  ( k O e )
 
 
 
 
M (
em
u/g
)
M a g n e t i c  F i e l d  ( k O e )
FIG. 3: (Color online) (a) Temperature dependence of mag-
netization M(T ) for Sr214#1, Sr214−δ#1, and Sr214−δ#2
at H = 5 kOe with H ‖ ab in zero field cooled (ZFC) and
field cooled warming (FCW) modes. (b) Inverse magnetic
moments around TN . (c) Magnetic field-dependent magneti-
zations M(H) for Sr214#1, Sr214−δ#1, and Sr214−δ#2 at
T = 5 K with applied field perpendicular to the c-axis (H ‖
ab). Inset: expanded plot of M(H) for Sr214−δ#2.
flection (Fig. 4(c)), pointing to decreased structural qual-
ity. Nevertheless, neither powder nor single crystal XRD
resolve a systematic change in the lattice parameters or
atomic positions, as seen in the nearly identical powder
patterns in Fig. 4(a-b). Since x-rays are rather insensi-
tive to oxygen atoms, we investigated the nature of this
distortion by looking at the lattice dynamics using low
temperature Raman spectroscopy.
Previous Raman results on Sr2IrO4 and
Sr2Ir1−xRuxO4 have observed that the 34 meV
A1g phonon mode, associated with in-plane bending
of the Ir-O-Ir bonds, is extremely sensitive to struc-
tural distortions31,32. An additional phonon mode
was for instance found in the vicinity of this mode in
Sr2Ir1−xRuxO4 due to the formation of two Ir(Ru)-O-
Ir(Ru) bond angles, indicating a phase separation32. We
therefore look for signature of structural distortions in
Sr214#1, Sr214−δ#1, and Sr214−δ#2 by measuring
their 34 meV in-plane bending mode with Raman
scattering.
In Fig. 5 (a), we show the low energy Raman spectra
of Sr214#1, Sr214−δ#1, and Sr214−δ#2 taken at T =
20 K using the XX-channel probing modes with A1g and
B1g symmetry. Three A1g phonon modes are observed
in the presented energy range for Sr214#1, the afore-
mentioned 34 meV mode along with two smaller modes
around 42 meV. This is in good agreement with previ-
ous findings31. For Sr214−δ#1 and Sr214−δ#2, an ad-
ditional Raman-active mode becomes visible around 32
meV, while the two modes around 42 meV vanish and
the 34 meV mode broadens and shifts to lower energy.
This result is indicative of distorted in-plane Ir-O-Ir an-
gle (A1g)
32, most likely originating from in-plane oxy-
gen vacancies. In Fig. 5 (b), we show the high energy
Raman spectra of the same samples taken T = 20 K
using the XY -channel (B2g). In this geometry the two-
magnon signal can be observed33. The two-magnon sig-
nal, found around 160 meV, becomes weaker and broader
in Sr214−δ#1 and Sr214−δ#2. These Raman results
consistently indicate that oxygen vacancies lead to the
observable difference in the magnetization data between
Sr214#1 and other samples.
We now investigate the effect of oxygen vacancies on
the infrared (IR) active phonons and the in-gap spec-
tral weight. Fig. 5 (c) shows the real part of the optical
conductivity σ1(ω) in the far-IR spectral range. Com-
pared to the clean sample Sr214#1 both oxygen-deficient
samples show a significant increase in the background
level of the optical conductivity σ1(ω). We attribute
this rise in absorption to an increased number of de-
fect states due to oxygen vacancies. While the phonon
line shapes of sample Sr214-δ#2 are rather similar to the
clean case with just a small increase in the peak width
the sample Sr214-δ#1 shows a remarkable difference.
The phonon at 35.2 meV experiences a significant energy
shift to 35.7 meV whereas the one centered at 45.4 meV
softens to 45.1 meV and its intensity strongly decreases.
These two phonons have been assigned to in-plane bend-
ing modes of the IrO6 oxygen octahedra
34. This suggests
even stronger in-plane distortions of the oxygen octahe-
dra in the Sr214-δ#1 sample although the overall back-
ground level of absorption appears to be smaller com-
pared to Sr214-δ#2.
We now move on to demonstrate that layers, or slabs,
of Sr3Ir2O7 can be introduced into a single crystal of
Sr2IrO4 by further altering the growth sequence. In table
III the growth sequence and molar starting ratio of parent
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FIG. 4: (Color online) X-ray powder diffraction pattern for (a) Sr214#1 and (b) Sr214−δ#2 taken in Debye-Scherrer geometry
using a 0.3mm diameter capillary. (c) Rocking curve through (0,0,4) reflection for single crystals of Sr214#1 and Sr214−δ#2.
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33 and (c) real part
of the FIR optical conductivity σ1(ω) at T = 7 K of the same samples.
Sr2IrO4
samples
IrO2:SrCO3
:SrCl2
Furnace sequence
Sr214#1 1 : 2 : 7 1300 ◦C → (8 ◦C/h) 900 ◦C → RT
Sr214#2 1 : 2 : 7 1100 ◦C → (45 ◦C/h) 1300 ◦C → (8 ◦C/h) 900 ◦C → RT
Sr214#3 1 : 2 : 7 1300 ◦C (24h dwell) → (8 ◦C/h) 1100 ◦C → Quench
Sr214#4 1 : 2 : 7 1300 ◦C (24h dwell) → (8 ◦C/h) 1100 ◦C (100h dwell) → RT
TABLE I: Synthesis conditions for Sr2IrO4 crystals with fixed molar ratio of starting materials and various synthesis sequences.
Sr2IrO4−d
samples
IrO2:SrCO3
:SrCl2
Furnace sequence Chemical composi-
tion (EDX)
Sr214#1 1 : 2 : 7 1300 ◦C → (8 ◦C/h) 900 ◦C → RT Sr2.08IrO3.96
Sr214−δ#1 1 : 2 : 7 1300 ◦C (100h dwell) → RT Sr2.08IrO3.86
Sr214−δ#2 1 : 1.8 : 7 1300 ◦C → (8 ◦C/h) 900 ◦C → RT Sr2.00IrO3.68
TABLE II: Synthesis conditions for stoichiometric Sr2IrO4 (Sr214#1), non-stoichiometric Sr2IrO4−δ with oxygen vacancy
(Sr214−δ#1 and #2)
6Samples IrO2:SrCO3
:SrCl2
Furnace sequence
Sr214#1 1 : 2 : 7 1300 ◦C → (8 ◦C/h) 900 ◦C → RT
Sr214/Sr327#1 1 : 2 : 7 1150 ◦C (12h dwell) → (5 ◦C/h) 880 ◦C → RT
Sr214/Sr327#2 1 : 2 : 7 1125 ◦C (12h dwell) → (5 ◦C/h) 880 ◦C → RT
Sr214/Sr327#3 1 : 2 : 7 1050 ◦C (12h dwell) → (5 ◦C/h) 880 ◦C → RT
Sr327 2 : 3 : 7 1050 ◦C (36h dwell) → (5 ◦C/h) 750 ◦C → RT
TABLE III: Synthesis conditions for Sr2IrO4 (Sr214#1), Sr3Ir2O7 (Sr327) and intergrowth of Sr2IrO4 and Sr3Ir2O7
(Sr214/Sr327#1, #2, and #3).
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FIG. 6: (Color online) Temperature dependence of magne-
tization for a Sr3Ir2O7 single crystal in field cooled warming
(FCW) mode with applied field perpendicular to the c-axis
(H ‖ ab) at H = 10 Oe, 1 kOe, and 5 kOe.
Sr2IrO4 and parent Sr3Ir2O7 single crystals can be seen.
We have confirmed the quality of our parent Sr3Ir2O7
single crystals by measuring the magnetic susceptibility.
In Fig. 6, we plot M(T ) for Sr3Ir2O7 in FCW mode with
applied field being perpendicular to the c-axis (H ‖ ab).
Three different fields were used, H = 10 Oe, 1 kOe, and 5
kOe. In all measurements a magnetic phase transition is
observed at TN ≈ 285 K. At lower temperatures, no other
transition is seen in contrast to previous results28,29.
One can notice that in order to produce pure Sr3Ir2O7
single crystals the starting temperature of the growth
sequence for Sr214#1 has to be substantially reduced,
along with a change in the molar ratio. Therefore one
way to induce intergrowth of Sr2IrO4 and Sr3Ir2O7 would
be to systematically reduce the starting temperature of
the growth sequence for Sr214#1, from 1300 ◦C to 1050
◦C, while at the same time keep the molar starting ratio
unchanged. This approach is displayed in table III where
we present in details the growth sequence for intergrowth
of Sr2IrO4 and Sr3Ir2O7 samples (Sr214/Sr327#1, #2,
and #3).
In Fig. 7 (a) we plot the temperature dependence of the
magnetization M(T ) of each crystal in table III with H
‖ ab. Comparison of different curves reveals that by low-
ering the starting temperature of the growth sequence
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FIG. 7: (Color online) Temperature dependence of magneti-
zation M(T ) at H = 5 kOe (H ‖ ab) for Sr2IrO4 (Sr214#1),
Sr3Ir2O7 (Sr327) and intergrowth samples (Sr214/327#1, #2,
and #3).
the saturated magnetic moment gradually approaches
the value measured for pure Sr3Ir2O7. Interestingly, in
Fig. 7 (b), where we show a closer look at the onset of
magnetic order, one can notice a two-step structure in
the M(T ) curve of Sr214/Sr327#2 and #3. Compari-
son to pure Sr3Ir2O7 reveals that the transtion at TN
≈ 285 K is associated with the Sr3Ir2O7 portion of the
intergrowth samples while the stronger transition TN ≈
240 K comes from the Sr2IrO4 part. Moreover, by look-
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FIG. 8: (Color online) Single crystal x-ray diffraction pat-
tern of the (0,0,L) reflections for a crystal grown using similar
conditions to Sr214/Sr327#1. Peaks identified with the peri-
odicities of Sr2IrO4 and Sr3Ir2O7 are denoted by vertical lines.
Small peaks in the background are associated with stacking
faults.
ing at the saturated magnetic moments in M(T ) (see
Fig. 7 (a)), the ratio of the two phases can be estimated;
Sr2IrO4 has a saturation magnetic moment of ∼1 emu/g
while in comparison, in Sr3Ir2O7 the magnetic moment
at H = 5 kOe is negligible (H ‖ ab). Using this method
we can control, by varying the synthesis conditions (table
III), the proportion of the two phases. The Sr2IrO4 con-
tribution to Sr214/Sr327#1 is about 0.5 while this ratio
drops to about 0.2 in Sr214/Sr327#2 and around 0.03 in
Sr214/Sr327#3. Given the difference in the c-axis lat-
tice parameter, the intergrowth nature of these samples
is confirmed by using single crystal XRD to study the
Bragg reflections along L. As seen in Fig. 8, reflections
corresponding to Sr2IrO4 or Sr3Ir2O7 can be observed in
the same single crystal.
IV. CONCLUSION
We have investigated the relationship between different
synthesis conditions and magnetic properties in Sr2IrO4
single crystals. Depending on the synthesis condition we
observe varying magnetic properties most likely due to
oxygen vacancies. For off-stoichiometric samples, addi-
tional phonon-modes appear in Raman scattering spec-
tra due to structural distortions and in-gap states appear
in optical conductivity measurements. Consistent with
the magnetization measurements, we find that the two-
magnon Raman peak broadens, signaling weaker mag-
netic correlations in these distorted samples. In addi-
tion, we have shown that intergrowth of the Sr3Ir2O7
phase into Sr2IrO4 single crystals can be be controlled
by varying the synthesis conditions. Our results therefore
emphasizes that revealing the intrinsic physical proper-
ties of Sr2IrO4 and related materials require scrupulous
control of the synthesis conditions.
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